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We study the role of magnetic interaction in the photoproduction of the kaon and hyperon. We ﬁnd
that the inclusion of a higher order diagram induced by the Wess–Zumino–Witten term has a signiﬁcant
contribution to the magnetic amplitude, which is compatible to the observed photon asymmetry in the
forward angle region. This enables us to use the K ∗ coupling constants which have been determined in a
microscopic way rather than the phenomenological ones which differ largely from the microscopic ones.
© 2008 Elsevier B.V. Open access under CC BY license.Strangeness production is one of important subjects in hadron
and nuclear physics. It is the basis of hyperon interactions and
hyper-nuclear physics, where an expansion to the new dimension
of strange matter is being explored. Many reactions of produc-
ing exotic states including pentaquarks are also associated with
strangeness productions. Therefore, the understanding of the pro-
duction mechanism is indeed a key to discuss the above interesting
physics. However, the theoretical status of the production mecha-
nism is not yet well established.
Photoproduction of kaon and hyperon is one of the simplest
reactions among them [1–4]. If the kaon is treated as a light par-
ticle as the pion, which are altogether regarded as the Nambu–
Goldstone bosons, their interactions are governed by the low en-
ergy theorems of chiral symmetry, respecting ﬂavor SU(3) symme-
try as well. In fact, in order to produce the kaon and hyperons,
energy of order 1 GeV must be deposited and therefore, the naive
application of the low energy theorems might be doubtful.
Yet, many reaction studies so far are based on the effective La-
grangian approach, the form of which is determined by symmetries
compatible with ﬂavor and chiral symmetries with much success
[5,6]. Then, various coupling constants such as kaon and vector
K ∗ coupling constants are treated as parameters. In literatures, the
kaon coupling constants such as gKNΛ and gKNΣ are determined
microscopically from the pion coupling gπNN under ﬂavor SU(3)
symmetry rotations with suitable input of the F/D ratio [7,8]. This
method may be also applied to the K ∗ coupling constants. If we
have a consistent understanding for the strong interaction, such
parameters should be universal and can be applied to other reac-
tions.
By now, many experimental data are available for the kaon pho-
toproductions from various photon facilities including LEPS [1,2],
CLAS [3] and SAPHIA [4]. Previous experiments provided data at
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Open access under CC BY license.Fig. 1. Feynman diagrams for the kaon photoproduction. Diagrams (a)–(d) are for
the conventional Born diagrams for the s,u, t and contact terms. The diagram (e) is
the one-loop diagram induced by the WZW term.
high energy region [9,10]. They provide detailed information on
energy dependence of cross sections, angular dependence and po-
larization phenomena. In such a situation, it is very important to
study these data based on a microscopic description which is com-
patible with QCD.
In the present Letter, we would like to study the relevant re-
actions in the effective Lagrangian approach, where Born diagrams
are computed as shown in Fig. 1(a)–(d). There, various coupling
constants are input parameters, reﬂecting the structure of hadrons.
A unique feature of recent photoproduction experiments is in the
use of the polarized photon. In particular, the LEPS group has been
providing data for the photon asymmetry in the forward angle re-
gion. Here we focus on the reaction
γ + p → K+ + Λ (1)
in order to clarity the existing problem and to show its resolution.
An advantage in the forward angle region is the t-channel dom-
inance as shown in Fig. 1(c), where one can study the interactions
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Comparison of K and K ∗ coupling constants from Refs. [5,7]. In Ref. [5], K ∗ coupling
constants are determined phenomenologically in order to reproduce the photopro-
duction data, while in Ref. [7] they are constructed microscopically
Phenomenological Microscopic
gKNΛ −13.46 −12.65
gKNΣ 4.25 5.92
gVK∗NΛ −25.21 −5.63
gTK∗NΛ 33.13 −18.34
gVK∗NΣ −15.33 −3.25
gTK∗NΣ −29.67 7.86
of the exchanged particles, exclusively. There we expect that dom-
inant contributions are from K and K ∗ exchanges. The properties
of these two meson exchanges associated with the electromagnetic
interaction are of interest and can be distinguished by the az-
imuthal φ-angler distribution by using the linearly polarized pho-
ton [11]. For productions of a pseudoscalar particle (in the present
study it is the kaon), if the ﬁnal state particles are produced more
along the photon polarization direction, the interaction is domi-
nated by the electric component and is induced by the K exchange.
In contrast, if the ﬁnal state particles are produced more along
the direction perpendicular to the polarization, the interaction is
dominated by the magnetic component and is induced by the K ∗
exchange [12].
In order to characterize the φ angular distribution, we study the
photon asymmetry as deﬁned by
A = σ⊥ − σ‖
σ⊥ + σ‖ , (2)
where σ⊥ and σ‖ are deﬁned in Refs. [11,12]. By this deﬁnition, the
interaction is dominated by the electric component if A is nega-
tive, while magnetic if positive. Observations including recent kaon
photoproductions indicate that the asymmetry A is positive [1,2].
In order to explain the positive values, a rather strong magnetic
interaction is needed which has been incorporated by the strong
coupling of K ∗ into the previous calculations. In Table 1 we show
phenomenological coupling constants [5] which are compared with
those determined microscopically [7]. The former are determined
to ﬁt the data, and can explain the positive asymmetry, while the
latter are by SU(3) symmetry with the F/D ratio guided by the
vector meson dominance for gVK ∗ , and by SU(6) relation for g
T
K ∗ .
We employ these microscopic coupling constants in the present
study. We see that the phenomenological couplings (left) are typ-
ically ﬁve times larger than the microscopic couplings (right). In
other words, the microscopic K ∗ coupling constants would provide
only a very weak magnetic interaction.
In order to supply the missing strength of the magnetic in-
teraction, in this Letter, we would like to propose an additional
mechanism induced by the Wess–Zumino–Witten (WZW) term as-
sociated with the QCD anomaly [13]. In the presence of the gauged
WZW term, there is a γ MMM (M = meson) vertex which may
contribute to kaon photoproductions with one-loop as shown in
Fig. 1(e). There are several good features in the consideration
of such a process. First, the strength of the anomalous term of
γ MMM is unambiguously determined by QCD. It is given by
Lγ K+K−π0 =
2
3
ieNcμνσρ A
μ 1
(2 fπ )3π2
∂ν K+∂σ K−∂ρπ0, (3)
where e is the electric charge, Nc = 3 the number of colors and
fπ = 93 MeV the pion decay constant. Second, it contains the an-
tisymmetric tensor μνσρ (0123 = −0123 = +1), and contributes
to the magnetic interaction of the photon. Third, the anomalous
vertex contains the incident photon momentum (k), and therefore,
the contribution is expected to increase as the photon energy isincreased. Of course, the amplitude should not keep increasing up
to very large k, since it violates the unitarity. However, we expect
that it should happen at the low energy region we study in this
Letter. Motivated by these considerations, we include the one-loop
process as shown in Fig. 1(e) in the photoproduction in addition to
the Born diagrams.
There are two remarks in order. One is the fact that the loop in-
tegral diverges quadratically, and therefore we need to introduce a
suitable regularization. The other is the problem of double count-
ing with the K ∗ exchange, since K ∗ could be regarded as a pair of
K and π . In the present one-loop diagram, however, there is no
such K ∗ component which is described as a correlated Kπ pair.
Such a correlation is not included in the lowest one-loop diagrams.
Let us now turn to the formulation. The Born diagrams are cal-
culated by the effective Lagrangian method. The interaction terms
for the strong interactions are given by
LKNΛ = − gKNΛ
MN + MΛ Λ¯γ
μγ5∂μK
−N + h.c., (4)
LKNΣ = − gKNΣ
MN + MΛ Σ¯γ
μγ5∂μK
−N + h.c., (5)
LKΣ∗N = gKΣ∗NΣ¯∗μ∂μK−N + h.c., (6)
LK ∗NΛ = −gVK ∗NΛΛ¯γ μK ∗−μ N +
gTK ∗NΛ
MΛ + MN Λ¯σ
μν∂ν K
∗−
μ N
+ h.c., (7)
where notations for various symbols are standard as deﬁned, for
instance, in Ref. [12]. Here, we have adopted the pseudovector cou-
pling for the kaon vertices. The approximate equivalence to the
pseudoscalar type was discussed in Ref. [14].
There are seven electromagnetic interactions as given by
Lγ K K = −ie
[(
∂μK
+)K− − (∂μK−)K+]Aμ, (8)
Lγ K K ∗ = gγ K K ∗μνσρ
(
∂μAν
)[(
∂σ K+
)
K ∗−ρ + (∂σ K−)K ∗+ρ], (9)
Lγ NN = −eN¯
(
γ μ − κN
2MN
σμν∂ν
)
NAμ, (10)
LγΛΛ = Λ¯ eκΛ
2MN
σμν∂νΛAμ, (11)
LγΣΛ = Λ¯ eκΛΣ
2MN
σμν∂νΣ Aμ, (12)
LγΣ∗Λ = −i
√
2
3
(
− 1√
3
)
3egM
2MN (MN + M)
× μνσρΛ¯(∂μΣ∗ν )(∂σ Aρ), (13)
Lγ KNΛ = ie gKNΛ
MN + MΛ Λ¯γ
μγ5K
−NAμ. (14)
Here, various electromagnetic couplings are given as follows. The
anomalous magnetic moments are κp = 1.79, κΛ = −0.613, κΛΣ =
−1.61. In Eq. (13) gM is a dimensionless coupling constant for the
 → Nγ magnetic transition, gM = 3.02 [15]. The coupling con-
stant of gγ K K ∗ in Eq. (8) is taken to be 0.254 GeV−1 in order to
reproduce the radiative decay K ∗± → K±γ [16]. We introduce the
contact γ KNΛ interaction in order to preserve gauge invariance.
As usual, we need to include the form factors for which we
adopt the gauge invariant and covariant form factors [17,18],
Fx = Λ
4
c
Λ4c + (x−m2)2
, x = s,u, t. (15)
The cutoff parameter Λc is commonly used for all types of form
factors and is ﬁxed in order to reproduce the absolute values of
the cross sections. Having those setups, the computation of various
cross sections is straightforward.
180 S. Ozaki et al. / Physics Letters B 665 (2008) 178–181Fig. 2. Differential cross-sections as functions of cos θcm at W = 2.164 GeV. The solid
line is the full result including all the diagrams (a)–(e), while the dashed line shows
the result of the Born diagrams (a)–(d). The data are taken from CLAS (circle) [3]
and from LEPS (squared) [1].
At this point we would like to mention the applicability of our
present theoretical method based on the perturbation whose low-
est contribution is given by the Born (tree) diagrams. On one hand,
since we do not include nucleon resonances which are important
near the threshold region [5], we do not expect good agreement
with data there. However, the data show that the energy depen-
dence becomes rather smooth in the energy region
√
s  2 GeV,
implying that the resonance effects are smeared out and the back-
ground contributions become more dominant. On the other hand,
we cannot also expect that the present method can apply to the
very high energy region, since the amplitude calculated in the
perturbation theory may grow as the energy is increased, and it
violates the unitarity. What we expect, however, is that the energy
region we are interested in as the LEPS experiment covers is not
too high and is where we can test the effect of the higher order
process in the present effective Lagrangian method.
In order to show the quality of our calculation, we ﬁrst show
the differential cross section dσ/d cos θ at W = 2.164 GeV in
Fig. 2 as compared with the experimental data from CLAS [3]
and LEPS [1], where W = √s is the total energy in the center
of mass system. Here we ﬁrst discuss the result of the Born di-
agrams, which is obtained by using the microscopic parameters
of Table 1, and denoted by the dashed line. In comparison with
data, the choice of the cutoff parameter is important, and we set
Λc = 0.88 GeV. We ﬁnd that the agreement is good already at the
tree level. There is some disagreement in the extremely forward
region and in the backward region. Effects which are not included
in the present study might be important such as reggeon contri-
butions [6,19,20], coupled channel effects [21–23] and resonance
contributions.
Now if we apply the same Born diagram calculations to the
asymmetry with the microscopic parameters, as already antici-
pated, we fail to reproduce the positive values as shown in Fig. 3,
where the LEPS data [1] at W = 2.109 and 2.196 GeV are shown.
We have checked that the negative values are caused by the kaon
exchange dominance which is of electric nature. We would like
to emphasize once again that the relatively small K ∗ coupling
constants which are determined microscopically are not compat-
ible with the large magnetic interaction as required in experi-
ments.
Now let us consider the loop contribution induced by the WZW
term. The loop integral is proportional to
∫
d4q
(2π)4
u¯Λ(p
′)
[
(/p′ − /p − /q) 1
(p′ − p − q)2 −m2π
/p + /q − MB
(p + q)2 − M2B
× /q 1
q2 −m2 
μνσρμqνkσ k
′
ρ
]
up(p), (16)KFig. 3. Photon asymmetries A as functions of cos θcm. The calculational re-
sults without the WZW term take negative values as shown by the dotted line
(W = 2.109 GeV) and the dot-dashed line (W = 2.196 GeV). The full results with
the WZW term are shown by the solid line (W = 2.109 GeV) and dashed line
(W = 2.196 GeV). The data are taken from LEPS [1].
where the external momenta k, k′ , p, p′ are for the incoming pho-
ton, outgoing kaon, incoming proton and outgoing Λ, respectively,
as shown in Fig. 1, and MB denotes the mass of the baryon run-
ning in the loop (either proton or Σ ). uΛ(p′) and up(p) are the
Dirac spinors for the outgoing Λ and incoming proton. Applying
the standard Feynman’s method, the amplitude can be written in
the form
(16) =
∫
dxdy dz δ(x+ y + z − 1)
∫
d4l
(2π)4
N
(l2 − )3 ,
 = (xp + y(p − p′))2 − y(p − p′)2 − x(M2p − M2B)+ ym2π + zm2K ,
where the numerator N is a function of various momenta with the
Dirac spinor structure
u¯Λ(p
′)μνσρμkσ k′ρ [w1γν + w2pν ]up(p). (17)
Applying the dimensional regularization and subtracting the 1/
and constant terms, we ﬁnd the coeﬃcients wi (i = 1,2) take the
form
wi = ai ln 
μ2
+ bi ln 
μ2
+ · · · , (18)
where ai and bi are functions of momenta, and μ the renormal-
ization scale parameter. The structures of the ﬁrst and the second
terms arise from the quadratic and logarithmic nature of diver-
gence. Further details will be reported elsewhere [24]. It is noted
that due to the presence of the μνσρ tensor as shown in Eqs. (16)
and (17), the loop integral contributes to the same components of
the amplitude as the K ∗-exchange does. In this sense, the loop di-
agram effectively renormalizes the K ∗ coupling constants.
If we take the scale parameter μ at a hadronic scale ∼ 1 GeV,
the loop diagram brings a signiﬁcant contribution to the magnetic
interaction. In practice, we multiply an overall form factor Ft to
the one-loop Fig. 1(e) term with slightly different cutoff parame-
ter Λc = 0.69 GeV in order reproduce the differential cross section
of Fig. 2, as we shall discuss shortly. This smaller cutoff parame-
ter is also employed for other form factors for the Born diagrams.
It is somewhat unpleasant that the form factor is included here
also. We shall not, however, discuss this important issue which is
microscopically related to hadron structure, but simply follow the
empirically successful prescription.
Now we see that the effect of the loop contribution is suﬃ-
ciently large even to ﬂip the sign of the asymmetry as shown in
Fig. 3 by the solid and dashed lines. The agreement with the ex-
perimental data is remarkable including the increasing tendency
as the photon energy is increased. This stems from the energy de-
pendence of the WZW term. In order to see this we plot the ratio
S. Ozaki et al. / Physics Letters B 665 (2008) 178–181 181Fig. 4. The ratio of the cross sections (dσ⊥/d cos θ)/(dσ‖/d cos θ) as functions of W
at cos θ = 0.8. The results with and without the WZW term are shown by the solid
and dashed lines, respectively.
of the cross sections (dσ⊥/d cos θ)/(dσ‖/d cos θ) with and without
the WZW term as functions of W = √s in Fig. 4. The ratio unity
at the threshold can be understood by decomposing the amplitude
into electric and magnetic terms. However, what is more impor-
tant here in the present discussion is the increasing behavior of
the ratio when the WZW term is included in the energy region
W  1.9 GeV. As the energy is increased, the WZW term becomes
dominant and we have dσ⊥/d cos θ > dσ‖/d cos θ , resulting in the
positive asymmetry in that energy region. On the other hand, if we
do not include the WZW term, the ratio is small and the resulting
asymmetry becomes negative. This explains the negative asymme-
try shown in Fig. 3 (dotted and dot-dashed lines). We have also
veriﬁed that the differential cross section with the inclusion of the
loop diagram agrees well with the data as shown in Fig. 2 by the
solid line. The good agreement for both the asymmetry and the
differential cross section is not very trivial, which is achieved by
choosing the single parameter Λc appropriately.
In conclusion, we have shown that the large magnetic inter-
action as observed in polarized photon experiments for the kaon
photoproduction can be qualitatively described by the inclusion of
the loop diagrams induced by the WZW term associated with QCD
anomaly. This may explain the origin of the large K ∗ couplings
which have been phenomenologically necessary but signiﬁcantly
different from what are expected in a microscopic derivation. The
present result encourages us to use the microscopic model for var-
ious meson–baryon coupling constants which are employed in the
effective Lagrangian approach. Having the framework based on amicroscopic description will be useful not only to the conventional
reactions as discussed here but also to the extension to more ex-
otic phenomena.
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